Functional imaging research has identified frontoparietal attention networks involved in visual search, with mixed evidence regarding whether different networks are engaged when the search target differs from distracters by a single (elementary) versus multiple (conjunction) features. Neural correlates of visual search, and their potential dissociation, were examined here using integrity of white matter connecting the frontoparietal networks. The effect of aging on these brain-behavior relationships was also of interest. Younger and older adults performed a visual search task and underwent diffusion tensor imaging (DTI) to reconstruct 2 frontoparietal (superior and inferior longitudinal fasciculus; SLF and ILF) and 2 midline (genu, splenium) white matter tracts. As expected, results revealed age-related declines in conjunction, but not elementary, search performance; and in ILF and genu tract integrity. Importantly, integrity of the superior longitudinal fasciculus, ILF, and genu tracts predicted search performance (conjunction and elementary), with no significant age group differences in these relationships. Thus, integrity of white matter tracts connecting frontoparietal attention networks contributes to search performance in younger and older adults.
Introduction
Visual search refers to the ability to locate an object of interest (i.e., a target) among other elements in the visual environment (i.e., distracters). For example, it enables us to find an ingredient in the pantry or a friend in the crowd. In the laboratory, visual search tasks typically involve searching for a single target (e.g., the letter T) within an array of distracters (e.g., multiple letter L's). Task difficulty can be manipulated by varying the number of items within the array (i.e., set size) or the similarity between the target and distracters (i.e., search type). For search type, the target may differ from distracters on a single feature (elementary search) or a combination of more than 1 feature (conjunction search). In general, slower and less accurate performance is observed when there are more distracter items to be searched (i.e., higher versus lower set sizes), especially when the target is less distinct from the distracters (i.e., conjunction versus elementary search types) (Wolfe, 1998) .
These behavioral patterns have been attributed, at least in part, to attention processes that guide visual search (Egeth and Yantis, 1997; Theeuwes, 1993; Yantis, 2000) . Topdown guidance of attention refers to situations in which a priori knowledge of target features is used to facilitate target identification. Bottom-up attention, on the other hand, is engaged when inherent features of the target draw attention. Based on initial observations that the effect of set size was present for conjunction search but absent for elementary search, researchers originally proposed a dissociation between attention processes involved in these distinct search conditions (e.g., Treisman and Gelade, 1980) . That is, conjunction search was thought to rely on top-down processes that guided attention during a serial search of the array, whereas elementary search was proposed to rely on bottom-up processes operating in parallel that draw attention. However, under certain circumstances, set size effects are absent for conjunction search (e.g., Nakayama and Silverman, 1986 ) and present for elementary search (e.g., Carter, 1982) , suggesting more of a continuum in the magnitude of set size effects for both search types (Wolfe et al., 1989) . Thus, an alternative theory, gaining currency in recent literature, is that similar attention processes (top-down and bottom-up) may be engaged during both conjunction and elementary search.
Functional imaging research has identified different frontoparietal networks underlying top-down and bottom-up attention processes Shulman, 1998, 2002; Corbetta et al., 1995) . Top-down, knowledge-driven shifts of attention call upon a dorsal frontoparietal network that includes superior frontal (e.g., frontal eye field) and dorsal parietal (e.g., intraparietal sulcus) regions, whereas bottomup, stimulus-driven reorienting engages a ventral frontoparietal network that includes inferior frontal (e.g., middle and inferior frontal gyrus) and temporoparietal (e.g., temporoparietal junction) regions. Activity within these visual attention regions has been observed during visual search performance, providing moderate support for the theory that similar attention processes contribute to both search types. That is, overlapping frontal and parietal regions are engaged during both conjunction and elementary search conditions, though the magnitude and extent of these activations has been shown to vary across search types (e.g., Donner et al., 2002; Leonards et al., 2000; f., Corbetta et al., 1995) .
The frontoparietal attention networks involved in visual search require coordination of processing across distributed brain regions. Thus, in addition to examining functional activity within task-relevant regions, our understanding of the neural substrates of visual search would be enhanced by examining structural connections between those regions. Using diffusion tensor imaging (DTI), it is possible to examine the integrity of white matter tracts that connect frontal and parietal brain regions. DTI measures the diffusion (i.e., movement) of molecular water (Basser et al., 1994; Pierpaoli and Basser, 1996) . By following the trajectory of the primary diffusion directions of adjacent voxels, DTI tractography analyses allow for reconstruction of white matter tracts between regions of interest (see Jones, 2008) . Measures of integrity, such as fractional anisotropy (FA), can then be calculated to assess the directional coherence of diffusion within a given tract. Additional measures of diffusion in the primary (axial diffusivity, AD) and perpendicular (radial diffusivity, RD) directions provide information about whether effects seen for FA are due to differences in the degree of myelination and axonal loss or shrinkage, respectively (Song et al., 2002 (Song et al., , 2003 c.f., Wheeler-Kingshott and Cercignani, 2009) .
White matter integrity correlates of visual search are currently unknown. One previous study did use DTI in conjunction with a visual search paradigm . However, relationships between white matter integrity and search performance were not directly examined. Nonetheless, given the known functional substrates of visual search, 2 frontoparietal tracts that may be relevant are the superior (SLF) and inferior (ILF) longitudinal fasciculi (Wakana et al., 2004) . The SLF traverses superior frontal and parietal regions that correspond to the dorsal frontoparietal attention network, whereas the ILF runs between frontotemporal and occipitoparietal regions that correspond to the ventral frontoparietal attention network. Other tracts whose integrity may also contribute to search performance are the genu and splenium of the corpus callosum, which may be involved in coordinating interhemispheric processing across frontal (genu) and parietal (splenium) regions within the attention networks.
What is well known is that white matter integrity is significantly affected in healthy aging. Relative to younger adults, older adults show decreased FA, especially in frontal white matter (e.g., genu of the corpus callosum) (Madden et al., 2009a; Sullivan and Pfefferbaum, 2006) . Age-related FA decreases are often accompanied by increased RD, indicative of mild age-related demyelination and possibly axonal damage (Bennett et al., 2010a; Burzynska et al., 2010) . Compromised white matter integrity in aging disrupts communication between interconnected brain regions, ultimately leading to age-related declines in cognition (e.g., Andrews-Hanna et al., 2007; O'Sullivan et al., 2001) . Thus, it is not surprising that visual search, like many other cognitive functions, is affected in aging. Older adults show larger set size effects for conjunction search, but not elementary search, compared with younger adults (Foster et al., 1995; Humphrey and Kramer, 1997; Plude and DoussardRoosevelt, 1989) .
In response to this neural insult, older adults may rely on different neural substrates in order to perform the same task (see Reuter-Lorenz, 2002) . In fact, functional imaging studies have shown that visual search performance in younger and older adults is predicted by activity within different brain regions (Madden et al., 2002 . At least 1 DTI study similarly reported significant age group differences in relationships between white matter integrity and performance on a different type of visual target detection task . However, other DTI studies have observed statistically similar relationships between white matter integrity and performance on implicit learning (Bennett et al., 2010b) and task switching (Gold et al., 2010) paradigms in younger and older adults. Thus, the influence of white matter integrity on cognitive performance may be independent of age.
In the present study, our primary aim was to assess white matter integrity correlates of visual search. A secondary aim was to determine whether these relationships between white matter integrity and visual search performance varied in healthy aging. Younger and older adults completed a visual 433.e22 search task in which set size (3, 9, or 15 items) and search type (elementary, conjunction) were manipulated. Participants also underwent DTI scanning, and tractography was used to reconstruct 2 bilateral white matter tracts corresponding with the dorsal (SLF) and ventral (ILF) frontoparietal attention networks, and 2 additional midline tracts of the corpus callosum (genu and splenium).
For our first aim, we hypothesized that integrity of the SLF and ILF (and possibly the genu and splenium) tracts would predict visual search performance in both younger and older adults. However, given evidence that both topdown and bottom-up attention processes contribute to both search types, it was unknown if SLF and ILF tract integrity would differentially relate to conjunction and elementary search performance, respectively. For our second aim, age group differences were expected in visual search performance (for conjunction but not elementary search) and white matter integrity (especially in the frontal genu, SLF, and ILF tracts). However, relationships between visual search performance and white matter integrity were predicted to be equivalent in younger and older adults.
Methods

Participants
Fourteen younger (24.0 Ϯ 4.0 years old, range of 18 -30 years, 7 female) and 19 older (63.2 Ϯ 6.6 years old, range of 52-75 years, 11 female) adults were recruited from the University of Texas at Dallas and advertisements in local newspapers. Participants obtained High School degrees, with 57% of younger adults and 79% of older adults having earned Bachelor's degrees or higher. They had normal or corrected-to-normal vision. All participants performed within the age-expected range (scores Ն 26) on 2 brief measures used to screen for general cognitive functioning: the Mini Mental State Examination (Folstein et al., 1975) and Telephone Interview for Cognitive Status (Brandt et al., 1988) . Informed consent was obtained from each participant, and they received either payment or course credit for their participation. The University of Texas at Dallas Institutional Review Board approved the experimental procedures.
Prior to participation, individuals were screened for conditions that would affect their ability to complete the computer-based task (e.g., uncorrected vision, arthritis, and back problems that would make it difficult to see items presented on the computer screen or comfortably push the response buttons), prevent them from being able to enter the magnetic resonance imaging (MRI) scanner (e.g., being pregnant, having ferrous metal implants, having difficulty lying in the supine position for 30 minutes, and being claustrophobic), or influence their cognitive functioning and/or contribute to white matter pathology (e.g., stroke, dementia, diabetes, and uncontrolled depression or hypertension).
Scanning protocol
Participants were scanned using a Philips Achieva 3.0 Tesla MRI system (Philips Medical System, The Netherlands) at the University of Texas Southwestern Advanced Imaging Research Center. Participants lay in the supine position in the scanner with an 8-element, SENSE, receiveonly head coil. A mirror mounted on the head coil allowed them to view the computer screen during scanning. Fitted padding was used to minimize head movements.
A single diffusion weighted echo planar imaging sequence was acquired using gradient values of b ϭ 0 and b ϭ 1000 s/mm 2 applied in 30 orthogonal directions and the following parameters: scan time ϭ 4:39 minutes, repetition time (TR) ϭ 5630 ms, echo time (TE) ϭ 51 ms, field of view (FOV) ϭ 224 ϫ 224 mm, 65 axial interleaved slices, and 2 mm 3 spatial resolution. Functional images were also acquired while participants performed the Visual Search task (see below), from which only the behavioral data are reported here. The entire scanning session took approximately 60 minutes.
Visual search task
On each trial, participants viewed arrays of colored T's (green, red) presented on a black background (see Supplementary Fig. 1 ). They were instructed to respond to the presence of a target upright green T among the other distractor T's, which was present on half of the trials. Search type was manipulated by having trials in which the target could only be discriminated from distracters by a single feature (elementary search) or the conjunction of 2 or more features (conjunction search). For elementary search trials, distracters were red upright and inversed T's (only color differed between target and distracter T's). For conjunction search trials, distracters were red upright and green inversed T's (color and orientation differed between target and distracter T's). Array set size was also manipulated by having 3, 9, or 15 items within each array. Arrays were presented for 2 seconds, followed by a variable intertrial interval (0.5-0.75 seconds). Participants completed 3 runs of 60 trials each, with 10 randomly presented trials for each combination of search type and set size.
Imaging data analysis
Preprocessing
Diffusion-weighted data were separately processed for each participant using the University of Oxford's Center for Functional Magnetic Resonance Imaging of the Brain (FMRIB) Software Library (FSL) release 4.0 (www.fmrib.ox.ac.uk/ fsl) (Smith et al., 2004) . The first volume that did not have gradient applied (i.e., the first b ϭ 0 image) was used to generate a binary brain mask with the Brain Extraction Tool. These data were then corrected for head movement and eddy current distortions using Eddycorrect, which aligns all the volumes. Finally, DTIfit was used to independently fit diffusion tensors to each voxel, with the brain 433.e23 I.J. Bennett et al. / Neurobiology of Aging 33 (2012) 433.e21-433.e31 mask limiting the fitting of tensors to brain space. The output of DTIfit yielded a voxelwise map of FA (and each of 3 primary diffusion directions: 1, 2, and 3) for each participant.
Tractography
Probabilistic fiber tracking was conducted separately in each participant using FMRIB's Diffusion Toolbox (FDT) (Behrens et al., 2003) . First, diffusion parameters were estimated at each voxel using BEDPOSTX, in which Markov Chain Monte Carlo sampling generates a probability distribution function of the primary diffusion direction. ProbtrackX was then used to estimate the distribution of connections between seed and waypoint regions (see below). To generate this connectivity distribution, 5000 streamline samples were initiated from all voxels within the seed regions, traveling along the probability distribution functions of local voxels (steplength ϭ 0.5 mm, curvature threshold ϭ 0.2), until they terminated in voxels within the target regions. The output contains a connectivity value for each voxel that represents the number of streamline samples that passed through that voxel.
Two bilateral association tracts (superior longitudinal fasciculus, SLF; inferior longitudinal fasciculus, ILF) and 2 midline corpus callosum tracts (genu, splenium) were generated from seed, waypoint, and exclusion masks that were traced in individual space (see Fig. 1 ). For SLF and ILF tracts, seed and waypoint regions were rectangular masks 10 axial slices high, 20 sagittal slices across, and 2 coronal slices deep. These masks were traced separately for the left and right hemispheres, and a midline exclusion mask (3 sagittal slices thick at the midline) was used to restrict tracking to each hemisphere. The SLF seed masks were traced in superior white matter on the 2 most posterior coronal slices that contained the splenium of the corpus callosum, and 2 waypoint masks were traced 30 and 60 coronal slices anterior to the seed mask. The ILF seed masks were traced in occipital white matter 30 coronal slices anterior to the most posterior slice of the brain, and a single waypoint mask was traced in frontotemporal white matter 60 slices anterior to the seed mask. All SLF and ILF masks were centered around anterior-posterior oriented white matter, identified by viewing images of the primary diffusion direction rendered by FA for each individual (these tracts appeared green in the rendered images). For the genu and splenium tracts, seed regions were rectangular masks 10 axial slices high, 5 sagittal slices across, and 20 coronal slices wide, centered around the most anterior and posterior portions of the corpus callosum, respectively. Waypoint masks were traced (3 coronal slices thick) 30 coronal slices posterior to the most anterior slice of the brain for the genu tract, and 30 coronal slices anterior to the most posterior slice of the brain for the splenium tract.
Resulting tracts were thresholded at 15% of the maximum connectivity value, leaving only those voxels with a high likelihood of being connected to the seed regions. In contrast to previous studies that have used a constant proportion of the total number of permutations for all participants (e.g., 25/25,000 in Johansen- Berg et al., 2007) , the proportional threshold used here accommodates for individual differences in connectivity values for each tract, maximizing tract size and quality (see Bennett et al., 2010b) . To illustrate these tracts (see Fig. 1 ), population maps were created by transforming thresholded tracts from diffusion space into standard space, and then overlaying tracts from each individual onto the standard MNI152 2 mm 3 brain (Montreal Neurologic Institute).
Tract-based measures of integrity
Mean FA values were calculated for all 6 tracts for each participant. Thresholded tracts were binarized and multiplied by the individual's FA map, leaving just the FA values for voxels within that tract, which were then averaged. Measures of AD (1) and RD ((2 ϩ3)/2) were also calculated for each tract by multiplying thresholded tracts by the individual's diffusion maps (1, 2, and 3).
All tracts were visually checked for quality. Due to significant distortions (e.g., pixilated tracts, branching to nontarget regions) some individuals' tracts were excluded from analyses of the genu (4 older adults) and splenium (1 younger and 2 older adults). Note that analyses including these tracts either remained significant, p Ͻ 0.05, or became 
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Results
Age group differences in visual search performance
Age Group (young, old) ϫ Search Type (elementary, conjunction) ϫ Set Size (3, 9, 15) analyses of variance (ANOVAs) were conducted separately for mean reaction time on correct trials and mean accuracy, with Age Group as a between-subject variable, and Search Type and Set Size as within-subject variables. To minimize the effect of outliers, trials in which reaction times were greater than 2 standard deviations above an individuals' mean response time were removed from the analyses (ϳ9% of all trials). These data are presented in Fig. 2 2 ϭ 0.10, p Ͻ 0.05. As expected, this 3-way interaction revealed greater set size effects for older versus younger adults, which were limited to the conjunction (8.2 versus 2.1%), but not elementary (-0.6% versus -0.5%), search condition. Taken together, these behavioral results are consistent with studies showing that age group differences in visual search performance are magnified for conjunction search relative to elementary search conditions (e.g., Foster et al., 1995; Humphrey and Kramer, 1997; Plude and Doussard-Roosevelt, 1989) .
Age group differences in white matter integrity
Separate between-group t tests compared FA in younger and older adults for each tract of interest. Similar analyses were also performed for the diffusivity measures (AD and RD). These data are presented in Table 1 .
As expected, significantly higher FA in younger adults compared with older adults was observed in the genu and bilateral ILF tracts, 2 s Ͼ 0.24, ps Ͻ 0.01. For the diffusivity measures, only left ILF showed a significant group difference in AD, 2 ϭ 0.24, p Ͻ 0.01, with higher values for younger versus older adults. However, RD was significantly lower in younger adults compared with older adults in the genu, bilateral ILF, and bilateral SLF tracts, 2 s Ͼ 0.12, ps Ͻ 0.05. This pattern of white matter aging is consistent with other work suggesting mild age-related changes in white matter microstructure that affect axonal 433.e25 I.J. Bennett et al. / Neurobiology of Aging 33 (2012) 433.e21-433.e31 packing density (e.g., demyelination and possibly axonal loss or shrinkage) (Bennett et al., 2010a; Song et al., 2002 Song et al., , 2003 .
White matter integrity predicts visual search performance
Correlations between FA and overall search performance
To address the primary aim of examining white matter integrity correlates of visual search performance, correlations were conducted between FA from the tracts of interest and measures of overall search speed (average response time across all trials) and overall search accuracy (average proportion correct across all trials). For each analysis related to this aim, all participants were included regardless of age group. These data are presented in Fig. 3 and Table 2 .
Overall search speed was significantly correlated with FA from all tracts, rs Ͼ Ϫ0.34, ps Ͻ .06, with faster responses associated with better integrity (i.e., higher FA). Only the relationship between overall search speed and genu FA survived Bonferroni correction for multiple comparisons (i.e., 6 measures of tract FA), r ϭ Ϫ0.68, p Ͻ 0.001.
Overall search accuracy was significantly related to genu tract FA, r ϭ 0.45, p Ͻ 0.02, with more accurate responses being associated with higher integrity (i.e., higher FA). This relationship did not survive when corrected for multiple comparisons.
Correlations between FA and performance for each search type
Follow-up analyses tested for a dissociation between white matter integrity correlates of conjunction and elementary search performance. Correlations were conducted between FA from the tracts of interest and measures of search speed and search accuracy calculated separately for each search type.
For search speed, both conjunction and elementary search speed were significantly correlated with FA from left SLF, bilateral ILF, and genu tracts, rs Ͼ Ϫ0.36, ps Ͻ 0.04. Elementary search speed was also significantly related to splenium tract FA, r ϭ Ϫ0.38, p Ͻ 0.04. Only the relationships with genu FA survived Bonferroni correction for multiple comparisons (conjunction search speed r ϭ Ϫ0.66, p Ͻ 0.001; elementary search speed r ϭ Ϫ0.72, p Ͻ 0.001). These findings are similar to those observed for overall search speed, which may reflect the fact that overall search speed was highly correlated with both conjunction search speed, r ϭ ϩ0.93, p Ͻ 0.001, and elementary search speed, r ϭ ϩ.97, p Ͻ 0.001.
For search accuracy, conjunction search accuracy was significantly related to FA in genu, r ϭ ϩ0.66, p Ͻ 0.001, and the left and right ILF, rs Ͼ ϩ0.42, ps Ͻ 0.02. Relationship between conjunction search accuracy and FA in the genu and left ILF survived Bonferroni correction for multiple comparisons. Elementary search accuracy was not significantly related to FA in any tract, rs Ͻ ϩ0.16, ps Ͼ 0.39. Taken together, results revealed that both conjunction (speed and accuracy) and elementary (speed only) search performance were related to integrity of the genu, with conjunction search performance (accuracy) also relating to integrity of the left ILF.
Controlling for motor speed
Unplanned multiple regression analyses were performed to determine whether relationships between FA and search performance were independent of individual differences in motor speed. Separate models revealed that, after controlling for motor speed (number copy task; Salthouse, 1993) , FA in the genu remained a significant predictor of overall search speed, overall search accuracy, and conjunction search accuracy, ps Ͻ 0.04; FA in the left SLF remained a significant predictor of overall search speed, p Ͻ 0.02; and FA in the left ILF remained a significant predictor of conjunction search accuracy, p Ͻ 0.04. Thus, in general, relationships with integrity of the genu and left SLF tracts are likely due to higher FA influencing visual search-specific performance, whereas relationships between ILF and splenium tract integrity and visual search performance mostly reflect the influence of higher FA on more general motor processing. Fractional anisotropy (FA), axial diffusivity (AD), and radial diffusivity (RD) values are presented as mean Ϯ SD for each white matter tract separately for younger and older adults. Key: ILF, inferior longitudinal fasciculus; SLF, superior longitudinal fasciculus. a Significant effects at p Ͻ 0.008 (Bonferroni corrected for 6 comparisons per measure of white matter integrity). b Significant effects at p Ͻ 0.05.
433.e26 I.J. Bennett et al. / Neurobiology of Aging 33 (2012) 433.e21-433.e31 3.3.4. Correlations between diffusivity and search performance Additional analyses assessed whether white matter integrity-visual search performance relationships were also seen for diffusivity measures, which may provide insight into the neural mechanisms underlying the effects seen with FA. Correlations were conducted between AD and RD from the tracts of interest and measures of overall search performance. These data are presented in Table 2 .
There were no significant relationships between AD in any tract and either measure of overall search performance. However, RD in bilateral SLF, bilateral ILF, and genu tracts was significantly related to overall search speed, rs Ͼ ϩ0.38, ps Ͻ 0.04, with faster responses associated with better integrity (i.e., lower RD). Relationship between overall search speed and FA in the genu and left SLF survived Bonferroni correction for multiple comparisons. RD in the genu was also significantly related to overall search accuracy, r ϭ Ϫ0.41, p Ͻ 0.03, with more accurate responses associated with better integrity, though this relationship did not survive the correction for multiple comparisons. Thus, all previously reported relationships between FA and overall search speed (except for the splenium tract) and overall search accuracy were also seen for RD, but not AD. This pattern of results, which has previously been reported (Davis et al., 2009; Madden et al., 2009b) , is consistent with the view that individual differences in cognition reflect differences in underlying white matter, such as mild changes in microstructures that affect axonal packing density (e.g., demyelination and possibly axonal loss or shrinkage) (Bennett et al., 2010a; Song et al., 2002 Song et al., , 2003 .
Age constancy of white matter integrity correlates of visual search performance
To address the secondary aim of determining whether relationships between white matter integrity and visual search performance vary in aging, correlations between FA from the tracts of interest and measures of overall search speed and overall search accuracy were conducted separately for each age group. When the FA-search performance relationships appeared to be different for the younger and older groups, regression analyses were used to test whether age group was a significant moderator of the effect (i.e., Table 2 Correlations between white matter integrity and overall search performance 433.e27 I.J. Bennett et al. / Neurobiology of Aging 33 (2012) 433.e21-433.e31 whether relationships between FA and search performance were significantly different in younger versus older adults).
The previously reported relationship between overall search accuracy and genu tract FA did not survive when the groups were analyzed separately. However, overall search speed remained significantly related to FA in the left SLF, r ϭ Ϫ0.55, p Ͻ 0.05, and genu, r ϭ Ϫ0.61, p Ͻ 0.02, tracts for younger but not older adults. Follow-up regression analyses were conducted separately for each of these tracts using search speed as the outcome variable, and age group, tract FA, and the interactions between age group and FA as predictor variables. Results revealed that the interaction term was not a significant predictor of overall search speed in either model, ps Ͼ 0.22, indicating that age group did not moderate these FA-search speed relationships. It is unlikely that the current sample size (n ϭ 33 across age groups) was insufficient for detecting this effect because a power analysis, using values from the only previous DTI aging study to report a significant moderation , revealed that a minimum sample size of 17 is required to detect comparable regression effects (R 2 ϭ 0.472, ␣ ϭ 0.05, 3 predictors, desired power level ϭ 0.8).
Discussion
The present study aimed to examine white matter integrity correlates of visual search performance, and whether or not these relationships varied in younger and older adults. Results revealed that visual search performance was significantly related to the integrity of white matter tracts that connect frontoparietal attention networks (SLF, ILF), as well as tracts that may be involved in interhemispheric processing within frontal and parietal regions (genu, splenium). However, integrity of the SLF and ILF tracts did not differentially predict conjunction and elementary search performance, respectively. Consistent with previous research, behavioral results revealed significant age-related declines in performance for conjunction but not elementary search (e.g., Plude and Doussard-Roosevelt, 1989) , and DTI results revealed age-related decreases in frontal white matter tract integrity (genu, bilateral ILF), with declines in FA accompanied by age-related increases in RD but not AD (e.g., Davis et al., 2009; Madden et al., 2009b; Sullivan et al., 2010) . However, relationships between visual search performance and white matter integrity did not differ in younger and older adults.
Previous functional imaging research revealed that visual search engages regions within frontoparietal attention networks Shulman, 1998, 2002; Corbetta et al., 1995) . Interestingly, however, the role of white matter tracts that connect these distributed neural networks had not been examined. Of particular interest in the present study were the SLF and ILF, which correspond to the dorsal and ventral frontoparietal networks, respectively. As expected, integrity of both tracts (FA and RD) was a significant predictor of overall search performance (search speed).
Given that interhemispheric processing is important for efficient cognitive performance, especially in aging (Daselaar and Cabeza, 2005) , 2 additional tracts of interest were the genu and splenium of the corpus callosum. Integrity of these tracts was also a significant predictor of visual search performance, with genu tract integrity showing the strongest relationships (i.e., highest Pearson r values) to measures of both search speed and search accuracy. Thus, these corpus callosum tracts may be involved in coordinating processing between bilateral frontal (genu) and parietal (splenium) regions that comprise the frontoparietal attention networks. Together with the results for the SLF and ILF tracts, the current data show that integrity of white matter tracts connecting frontoparietal attention networks (both intra-and interhemispheric connections) contributes to visual search performance in younger and older adults.
Whereas initial theories proposed a dissociation between attention processes engaged during distinct search conditions (e.g., Treisman and Gelade, 1980) , the more recently accepted view is that top-down and bottom-up attention processes are both involved in conjunction and elementary search (e.g., Humphrey and Kramer, 1997; Madden, 2007; Yantis, 1996) . In the present study, follow-up analyses were designed to test whether or not conjunction and elementary search performance were both related to the integrity of similar white matter tracts. Unfortunately, interrelationships among the reaction time measures made it difficult to assess these relationships using search speed. For search accuracy, however, integrity of the left SLF tract (RD) and bilateral ILF tracts (FA and RD) significantly predicted conjunction search performance, but not elementary search performance. In combination with functional imaging research showing overlapping frontoparietal activity for both search types (e.g., Donner et al., 2002; Leonards et al., 2000) , this finding supports the theory that similar attention processes contribute to both conjunction (and elementary) search conditions.
The previously described relationships between white matter tract integrity and visual search performance were observed when both younger and older adults were included in the analyses. When age groups were examined separately, FA in the left SLF and genu tracts remained significant predictors of overall search speed (and conjunction and elementary search speed) in younger adults, but not older adults. However, follow-up moderation analyses revealed that the magnitude of the relationships between integrity in these tracts and overall search speed did not significantly differ across age groups. Thus, for the tracts examined here, white matter integrity correlates of visual search appear to be similar for younger and older adults. This pattern of age-equivalence is unlikely to result from methodological issues such as limited power to detect age group differences (see power analysis results). There is also 433.e28 little evidence to support the notion that the present results represent task-specific effects because statistically similar white matter integrity-performance relationships in younger and older adults have been previously observed using other cognitive paradigms (e.g., Bennett et al., 2010b; Gold et al., 2010; Kennedy and Raz, 2009) .
Age constancy in relationships between white matter integrity and cognitive performance may indicate that individual-and age-related cognitive differences are attributed to monotonic decreases in structures that support neural connectivity (i.e., white matter) (Rypma et al., 2006) . Such declines in brain structure can in turn affect the efficiency of brain functioning (see Motes et al., 2011; Rypma and D'Esposito, 1999; Rypma and Prabhakaran, 2009; Rypma et al., 2006) . Previous research has shown that relationships between neural activity and cognitive performance (i.e., neural efficiency) are moderated by age group such that lower neural activity is observed in better versus worse performing younger adults, whereas greater neural activity is observed in better versus worse performing older adults (e.g., Persson et al., 2004; Reuter-Lorenz et al., 2000; Rypma et al., 2007) . In contrast, relationships between white matter integrity and cognitive performance (i.e., structural efficiency) might not be moderated by age group, despite mean age group differences for each measure independently. Future research combining DTI and functional imaging techniques will be necessary to test whether or not the previously reported age group differences in neural efficiency (i.e., brain function-performance relationships) arise from the relatively simple linear age-related differences in structural efficiency that we have observed here.
Generalized age-related slowing has been shown to account for age-related differences in visual search performance , highlighting the importance of separating the contribution of white matter tract integrity to task-specific (i.e., visual search-related performance) versus task-general (i.e., general motor speed) effects. After controlling for motor speed, results revealed that FA in the genu and left SLF tracts remained significant predictors of overall search performance. This finding suggests that better integrity (i.e., higher FA) in the genu and SLF tracts influences task-specific performance independent of task-general processes. In contrast, relationships between ILF and splenium tract integrity and search performance may be due to higher FA in these tracts influencing motor speed in a way that is not necessarily specific to the visual search task performed here.
Consistent with neural correlates of visual search identified in functional imaging research, the present study showed that visual search performance was related to integrity of tracts connecting frontoparietal networks involved in top-down (SLF) and bottom-up (ILF) guidance of attention, and tracts involved in interhemispheric communication between these frontal (genu) and parietal (splenium) regions. Integrity of the SLF and ILF tracts were both related to conjunction search performance, as would be predicted by the theory that both top-down and bottom-up attention processes contribute to conjunction and elementary search. Results also revealed that these white matter integrity correlates of visual search were not statistically different in younger versus older adults. These findings will be followed-up in future studies examining interactions between structural and functional correlates of visual search, and the effect of aging on these relationships.
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